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CHAPTER I 
PURPOSES OF COURSE 
A brief statement of puroose .-- It is the aim of this 
paper to establish (1) a frame of reference for the intro-
duction of a course in electronics in the high school at 
Braintree , Massachusetts; (2) a specific course outline that 
will best fit into the framework thus established . 
The town . - - Braintree , Massachusetts , with a population 
of 32 , 000 , is a suburb of Boston . It is primarily a 
residential community , but has considerable industry , 
especially along the area fronting Boston Harbor . It has 
several small electronics firms and hopes to establish more 
industry of this nature along the recently completed (1960) 
section of Route 128 and the Southeast Expressway . 
Braintree is primarily a commuter town as it has ready 
access to all areas of the Greater Boston Community . For 
this reason it is assumed in this study that a course in 
electronics need not be designed to suit the particular 
needs of any specific Braintree industry , at least until 
there is a greater indication that such a need exists . 
The town has two private secondary schools: Thayer 
Academy and Archbishop l'lilliams High School . These serve 
... 
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Braintree as well as surrounding communities. 
The school . - - Braintree High School is a general 
comprehensive high school with a total population of 1381 
students . This population consists of 576 sophomores , 394 
juniors , and 411 seniors in a three year plan . The incoming 
class (1962) with 616 students reflects the post-war 
population increase within the town . 
Approximately 65 per cent of the incoming class chooses 
the academic program of study , while 45 per cent of the 
graduating class remain in that category . Approximately 
35 per cent of the graduates are in the general category 
with the remaining students in commercial programs . 
Reasons for developing an electronics program.-- The 
following tvlO considerations were of prime importance in 
prompting the decision to develop an electronics program: 
1 . A need existed to provide an area of choice for 
that minority of students whose interests and 
aptitudes indicate that they would be more 
successful in a technical subject sucn as elec-
tronics than in some of the traditional high 
school courses . 
2 . Electronics , more than any other technical subject, 
truly reflects the nature and tendency of modern 
technology and is , therefore , of value to anyone 
entering the labor market upon graduation from high 
school . 
In general , then , there was the feeling that a course 
in electronics might be a step towards answering the sort 
1/ 
of question posed by Wolfbein,- as a result of the White 
House Conference on Children and Youth , when he referred 
to 
n •••• the possibility of increasing the 'holding 
power' of the schools through the design of courses 
of instruction which can both hold the interest of , 
and be of substantive value to , some of the young 
people who do not make any progress within existing 
curricula . Is it possible to offer earlier a broader 
choice of educational avenues along which this kind 
of student can move with profit and dignity?" 
A less obvious reason for offering a course in elec-
3 
tronics lies in its unique nature, for it has aspects within 
the realm of theoretical science v1hile at the same time 
having obvious applied values . Thus it is a subject that 
can be useful in relating theory to practice; that can relate 
mathematics to science and in general be an integrative 
factor of great value to the student . It also offers motiva-
tion for that type of student who may need the kind of goal 
offered by a course that could provide employment upon 
graduation . 
Some disadvantages in offering the course . -- In offering 
a course such as electronics , its main disadvantage lies in 
the fact that it requires some of that precious commodity , 
1/Seymour L. Wolfbein , "Education and Employment , " in The 
Nation's Children , Eli Ginzberg , Editor , Columbia University 
Press , New York , 1960 , p . 153 . 
time , for its proper presentation . Thus , if the course is 
held during regular school hours , it might take time from 
the student who might otherwise use it to better advantage . 
When a school adds a subject such as electronics , it must 
take something away or cut down on the time alloted to some 
other subject that may be of equal or greater benefit to 
the student. 
In writing of the new subjects that have replaced more 
l/ 
traditional material, Fine- points out that: 
"Each of these courses may meet a real need , and 
each may be genuinely helpful to some students later 
4 
in life . There is , however , such a l a ck of unity in 
content and aim that youngsters do not have much chance 
to develop any real understanding of their world or 
themselves . " 
In Braintree the course is to be held during regular 
school hours so that the selection of students becomes a 
critical process . Candidates must first of all show evidence 
of being able to do the v/Ork required in electronics . 
Secondly , they must be students who through failures or lack 
of interest in one or more of the conventional high school 
subjects , indicate that they are not on a straight academic 
track . 
2/ 
In some communities , notably Leavittown , Ne\v York ,--
1/Benjamin Fine and Lillian Fine , How to Get the Best Educa-
tion For Your Child , G. r . Putnam's Sons , New York, 1959 , 
p . 208 . 
2/"High School Electronics Course Tailored to Community heeds" , 
Overview (Februar~ 1960) , 1:70- 71. 
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the electronics course is also available to straight academic 
students through the simple expedient of extending the school 
day for those who take the course . 
Another disadvantage in offering electronics lies in its 
high cost . There must be sufficient modern equipment available 
to properly equip the laboratory ; also there must be a sub-
stantial investment in reference books and technical manuals . 
A figure of six to eight thousand dollars is usually 
quoted as the minimum amount needed to start a program in 
electronics . Added to this is the considerable sum needed to 
attract the type of teacher needed for a demanding program 
such as is herein outlined . 
Providing the necessary space can be a problem also . In 
1/ 
one community , Valhalla , New York ,- it was necessary to 
provide facilities in the regional vocational school , making 
it necessary for students to commute to class . This extended 
the school day by the amount of time required in traveling . 
In Braintree , fortunately , space was available because 
of the consolidation of the high school with what had 
previously been a junior high school , thereby making avail-
able one large lecture- laboratory room , as well as several 
storage or equipment rooms . 
1/Sune Engelbrektson , "How to Start Training Engineers in 
High School" , School Management (May , 1961) , 5: 88 . 
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Aims of course .-- If one reads the help- wanted adver-
tisements in the back of any of our metropolitan newspapers , 
it is rather baffling to attempt to interpret the requirements 
for jobs classified under the general heading of electronics . 
Where then does one stand in attempting to define the 
educational or occupational goals for such a course as high 
school electronics? It would be a self deception , to say the 
least , for one to state that such a course could prepare a 
student for any specific occupation within the field of 
electronics as it exis t s today . One can only state goals for 
the course in nebulous te1ws and within the context of our 
modern society . A general goal ( i f one can use such a word 
in this context) should be within the framework stated by 
1/ 
Wolfbein- when he stated : 
"Education and guiaance seek to relate and orient 
the i ndividual child and youth to the forces of his 
environment , and one of the major forces involved is 
that of work . And one of the features of the world of 
work is change . The goal of education and guidance in 
this regard might ther efore be more aptly put : To help 
the individual withstand the onslaughts and , in fact , 
take advantage of the inevitable changes which will 
take place in the world of work . " 
In the next paragraph he points out that the modern 
conception of orientation to the ·economic environment makes 
2/ 
it necessary for the young person to-
1/Seymour L. TJolfbein , oo . cit ., p . 139 . 
~/Ibid ., p . 140 . 
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" •. .. view the occupational world not as a great 
array of fixed job slots with ready accommodations for 
those with different talents , aptitudes , and interests , 
but as a constantly changing structure with a constantly 
changing set of educational and training prerequisites 
and functions and responsibilities.n 
One could then state two general aims for the course in 
the following ways: 
1 . The course should introduce the student to as many 
of the underlying concepts of the field of elec-
tronics as he can master . This will be expanded in 
the chapter entitled "Course Analysisn . 
2 . The course should introduce the student to the nature 
of modern technology so that he can gain a better 
understanding of the world around him as well as make 
more intelligent decisions concerning his future . 
This could be accomplished by bringing into the school 
industry representatives whose job it is to introduce 
prospective employees to their company . Industry-
sponsored films are available for this purpose as well . 
Implicit in the above two statements should be the idea 
that , although the course would be valuable for one who never 
enters the field of electronics , it would be merely the first 
step for a prospective worker in that field. 
Also implicit in these general goals should be the con-
cept that modern electronics technical personnel must be able 
to read and interpret complex technical literature; they must 
be able to do the necessary research , their own planning and 
writing , as well as do creative thinking in their work . This 
means students must also enroll in allied science and mathe -
matics as well as required subjects . 
Thus , the course should be an intergral part of the 
academic life of the high school and should not be considered 
a vocational course in the traditional sense . An allied goal 
of the course could be to bridge the growing gulf between the 
vocational and cultural aims of the school and thus might tend 
1/ 
to counteract the trend referred to by Clarke- when he made 
the following statement · 
" •.•• the disposition to distinguish sharply between 
the cultural and the vocational as though they were two 
quite distinct kinds of education is not only a symptom 
of something wrong with our society but a possible cause 
of even more serious trouble in the future • 
•••. The truth is that there has never been a 
healthy society where the s ustaining vocations were not 
integral to the culture . " 
Some pitfalls . - - As a result of interviews with those 
who have had experience in theteaching of electronics in the 
secondary schools , some major difficulties have been revealed . 
Foremost of these is caused by a relaxation of standards for 
entrance as well as for the course itself . This is usually 
1/ Sir Fred Clarke , nculture and Vocation in the Post- War 
World", Address before the 106th Annual Meeting of the Union 
of Lancashire and Cheshire Institutes , October 5 , 1945 . 
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caused by two diverse forces within the community as described 
below: 
1 . Electronics , to a certain extent , has become for some 
school systems an external symbol of its modern 
attitude in education , so that the course has been 
instituted usually with considerable newspaper 
publicity and general fanfare. 
2 . In communities where a large percentage of parents 
are college graduates, it is only with great reluctance 
that a parent will consent to his child's choice of a 
course other than one that seems to fit into an 
academic program . 
The above two diverse tendencies usually produce a relax-
ation of standards in the electronics course. As a result , 
the course deteriorates into a purely manipulative process 
where students build small radios or electrical testers . 
Graduates from such a program are destined to be disappointed 
if they plan to actually enter electronic technology, for most 
manual procedures in modern electronics industries are rapidly 
becoming automatic . Thus there is little demand for semi-
skilled help in the electronics world of today and where this 
is not true , manual dexterity is of greater import than 
previous experience or training . It would be wise, therefore , 
to abolish the course rather than reduce standards below the 
minimum required for a fairly theoretical treatment of the 
subject . 
10 
As an alternative a school in such a situation might 
offer a physics course that provides more emphasis on 
electricity and electronics than is conventionally offered . 
1/ 
In another direction lies the pitfall of what Fine-
describes as the premature election of vocational subjects : 
"They (the students) may also pass up their true 
lifework , the special field they could be most interested in . 
•.. . too-early vocational training is often the worst kind of 
time-wasting." 
Here again proper guidance is necessary to minimize the 
possibility of misdirecting those students who , through 
immaturity , may not at the moment be receptive to the content 
of general education . 
Also , the community college plan can provide a solution 
to this problem by making it possible for those students 
whose latent interests awaken at a later date than usual to 
change their plans. The Staten Island Corrununi ty College , for 
example , has under one roof a two-year terminal post high 
school technology program as well as a two-year pre-engineering 
course . 
Therefore , a technical student who finds that he can 
successfully do the more academic work required in engineering 
may transfer within the school . Transfers can be made in the 
1/Benjamin F'ine and Lillian Fine , op. cit ., p . 221 . 
ll 
other direction , as well , for those who find the more academic 
work too demanding . This school also has an arrangement where 
the pre- engineering student can continue his engineering 
education at City College of New York. 
The ideal community college , therefore , under adequate 
guidance and aptitude procedures , would provide an area for 
a certain amount of experimentation for those whose newly 
awakened interests lead them away from a purely technical 
education . Thus , unforeseeable errors in the high school 
guidance process could be rectified in the community college 
before too much damage is done . 
CHAPTER II 
SELECTION 0 F STUDE~j TS 
1 . Introduction 
It is usually assumed by those responsible for the 
introduction of an electronics course in the high school 
that a student should be above average in intelligence and 
achievement to successfully pursue such a program . However , 
implementing this assumption with something more specific in 
the form of entrance requirements might present somewhat of 
a dilemma to those responsible for selecting students . To 
make such decisions on a more objective basis , it was deemed 
advisable to first of all conduct some research into past 
experiences gained in the process of establishing such 
criteria . 
2 . Military Experience 
Some early studies of methods of selection . -- Most 
methods of selection of potential electronics trainees , as 
used by industry , are based on the methods developed during 
World War II by the armed services . It is , therefore , this 
writer's intention to first trace the development of selection 
methods used by one of the services; particularly , the Navy 
is chosen because there is more published information on 
selection methods . 
1/ l3 
Early in World War II Frandsen and Hadley- used a 
mental ability test (a version of the Otis Mental Ability 
Test) , a mathematics ability test , an electricity information 
test , as well as a radio interest questionnaire in testing 
six classes of students selected for entrance in a course in 
elementary radio training for the Navy and Marine Carps . 
Classes ranged in size from 95 to 116 students per class . 
The mean IQ's for the six classes ranged from 109-117 . 
Using the Piersonian correlation ratio , an index of predictive 
validity of an aptitude , prognostic or readiness test as 
2/ 
defined by Lennon ,- test scores were correlated with grades 
in mathematics , electricity , and radio laboratory , as well as 
the average of the three grades . 
The mathematics tests , using alternate forms , correlated 
highest with mathematics grades having median correlation 
ratios of 0 . 73 and 0 . 69 . The mathematics tests also had good 
correlations with electricity grades having median correlation 
ratios of 0 . 65 and 0 . 52 . 
The electrical information tests correlated with elec-
tricity grades (a median correlation ratio of 0 . 57) and with 
radio laboratory grades (a medi an correlation ratio of 0 . 58) . 
1/A . N. Frandsen and J . M. Hadley , "The Prediction of Ach ieve-
~ent in a Radio Training School , " Journal of Apnlied Psych-
ology (1943) , 27 : 303 - 318 . 
2/Roger T. Lennon , A Glossary of 100 Measurement Terms , Test 
Service Notebook , Number 13 , Jo rld Book Company , Yonkers , 
New York , p . 5 . 
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Multiple correlation ratios for various test combinations 
were computed , one of 0 . 72 being found for the mathematics 
tests and for either of the electrical information tests . 
The development of the "Eddy Test" . -- The Navy's basic 
predictive mainstay for technical personnel became the 
combined score of the General Classification Test (GCT) , the 
Arithmetic Test (ARI) , and the electrical knowledge option of 
the Mechanical Aptitude Test (MECH) . The GCT is primarily 
verbal in nature and corresponds to a version of the Otis Test 
of Mental Ability . The ARI Test measures skills in fundamental 
arithmetic processes and in arithmetic reasoning or problem 
solving . The electrical option of the MECH Test measures 
electrical knowledge . 
For recruits in 1944 , a minimum GCT score , in terms of 
the Navy Standard Score System (known in civilian life as the 
"T Score Plan") , was 55 for possible entrance to "Class A" 
schools . A total score of 170 was required for the combined 
scores of GCT , ARI , and JVIECH (electrical} for a · man to be 
eligible for the Radio Technician School . 
Another test battery was used to make the final selection 
of technician trainees . This test battery was known as the 
"Eddy Test" and consisted of three sections : (l} algebra 
through quadratic equations ; (2} electrical knowledge ; and 
(3) radio knowledge. Cut-off scores in this test varied with 
demand based on a quota system proportionate to the needs of 
the fleet . 
l5 l/ 
According to Levine- the aduition of the Eddy Test to 
the basic battery consisting of GCI , t RI , and I'·iECtl increased 
the predictive validity from 0 . 60 to 0 . 68 . Validity as used 
2/ 
here is defined by Lennon- as " •... the extent to which it 
(the test battery) accurately indicates future learning 
success in the area for which it is used as a prediction . 
It is evidenced by correlations between test scores and 
measures of later success." 
"Later success" as determined by the Navy meant achieve-
ment scores made after com letion of the electronics training 
program . 
Later improvements in the Navy test battery . -- In the 
post-war years selection of electronics personnel had become 
a matter of critical concern , since the field was becoming 
ir1creasing complex. Thus the nature of electronics duties 
required personnel of high caliber who necessarily had to 
have long and costly training before they could even begin 
to be producers . The effectiveness of this selection largely 
depended on the efficiency of the tests used in assigning 
personnel to the training schools . 
In 1955 a study of the testing procedure , with a view 
1/\branam Levine , "Aptitude Versus Achievement Tests as 
:t redictors of Achievemer1t, '' Educational and Psychological 
Measurement (1958), 18 : 522 . 
2/Roger T. Lennon , op . cit ., p. 6 . 
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1/ 
towards its improvement , was made by Thorndyke and rlagen .-
A new test was devisea known as the Electronics Technician 
Selection Test (ETST) consisting of five basic types of 
subject matter or achievement items ; ( 1) mathematics ; 
( 2) general science ; (3) shop practice ; (4) electricity ; 
and (5) radio knowledge . 
The selection process thus became more dependent on 
2/ 
achievement items as Levine- states : "This test , the 
Electronics Techni c ian Selection Test known as ETST , measures 
the kind of subject matte r which only certain students have 
had an opportunity to learn and is therefore essentially an 
achievement test rather than an aptitude test . " 
However , he further states that : "Actually the distance 
between so-called aptitude and achievement tests are ones of 
ll 
relative emphasis only . " 
By 1958 new validities were established indicating a 
rise over the Eddy Test from 0 . 68 to 0 . 75 for this new test . 
As a result of studies at one school , the Electronics Tech-
4/ 
ni cian School at Gr eat Lakes , Illinois , Thorndyke- reported 
1 / R. L. Thorndyke and E . E . Hagen , Validation of the Elec-
tronics Te chnician Select i on 'I' est at Selected Class "A" 
Schools , Te chni cal Bulletin , April , 1955 , Number 3 , Bureau 
of Naval Personnel , Washincton , D. C., p . 18 . 
2/'·braham Levine , "Apt i tude V. Achievement Tests as Predictors 
of Achievement , " Personnel Psychology (1957) , 10 : 324 . 
3/Ibid ., p . 325 . 
---
4/R . L. Thorndyke and S . ~ · Hagen , ~ cit ., p . 65 . 
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that the validity of this test was raised to 0 . 77 when corn-
pared with final grades. 
3. Industrial 1etnods of Selection 
Desirable prerequisites as indicated in interviews with 
training personnel . -- It has become increasingly necessary 
for the larger electronics concerns to get into the business 
of training technicians. This has been especial ly true in 
new areas of development where there has been no reserve pool 
of trained specialists from which to draw. Most companies 
depend on either civilian or military technical school gradu-
ates as a source of potential trainees for their particular 
specialty . There are relatively few companies that are com-
mitted to a plan that provides a thorough course in basic 
electronics theory for those who have had no previous experi-
ence of this kind. Those companies that do provide such 
training generally use an apprentice system modified to suit 
current conditions; that is , more time devoted to formal 
classroom training than to the conventional on-the-job program. 
In selecting candidates for schooling , considerable 
weight is given to previous educational history. Mathematical 
ability , communications ability , and scientific knowledge , in 
that order , are the most frequently listed attributes of a 
potential electronics trainee . In particular , algebra , trigo-
nometry and plane geometry , the latter mainly for its logic , 
are considered to be the important secondary mathematic 
subjects . Physics , chemistry , as well as laboratory 
measurement experience are the most important secondary 
science subjects needed in the process of training electronics 
technicians . Biology , though not important to an understand-
ing of electronics theory would be of value to anyone 
cont emplating eventual work in the medical or "human factors" 
electronics field . 
The tests used by industry reflect two different 
approaches to the testing situation . On the one hand several 
companies use a multi-factor aptitude battery such as the 
. 1/ 
Differential Aptitude Test (DAT)- or the Programmer Aptitude 
2/ 
Test fPAT) .- The latter is used when a technician is to be 
trained to maintain electronic data processing or computer 
equipment . 
The results of this testing battery plus the student's 
performance in a trial period , usually the first month , 
determine whether he is to continue in the training course . 
This system represents an attempt to blend aptitude with job 
miniature testing , the latter being a reflection of several 
intangible factors that cannot be measured by the factor 
battery alone . 
1/The Differential Aptitude Test , The Psychological Corpora-
tion , 304 East 45th Street , New York . 
2/The Programmer Aptitude Test , The Psychological Corporation , 
)04 East 45th Street , New York . 
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Secondly , a system of individual aptitude tests may be 
used which reflect a more experimental , or empirical, approach 
to the testing situation. In this approach tests are used 
that purport to measure more general traits that the training 
directors feel are especially important for eventual success 
in electronics irrespective of whether the tests may have a 
certain amount of interrelationship concerning the aptitudes 
they are supposed to measure . 
1/ 
Thus the Wonderlic Personnel Test- or the Otic Self 
2/ 
Administered (Higher Form) Test- may be used in an attempt 
to assess general mental ability . These are combination 
verbal and numerical reasoning tests that do not separately 
categorize each of these two factors separately. The Mental 
Ability Test is frequently used in conjunction with a spacial 
relations as well as a mechanical comprehension test . 
Through experience , then , a combination of tests is 
developed that produce fairly accurate predictions of success 
or failure within the frame of reference of a particular 
company's training program . 
Other sources of information . -- The Federal Government 
has developed an aptitude factor battery which the state 
1/Wonderlic Personnel Test , E . F. Nonderlic , Post Office 
Box 7 , Northfield, Illinois . 
2/0tis Self Administered Test of Mental Ability: Higher 
Examination , world Book Company , Tarrytown-on-Hudson , 
New York . 
1/ 
employment agencies administer and analyze for the high 
20 
school . This test , the General Aptitude Test Battery (GATB) , 
though primarily for the benefit of high school seniors 
might be a useful source of data to assist in the guidance 
process . 
Publishers of tests are also a source of information . 
2/ 
ror example , Lennon anci. Bligh-· point out qualities to look 
for in a student i f he is to achieve success in science or 
mathematics. These qualities are detectable , according to 
the authors by using ordinary testing methods : 
"There is a temptation to feel that the early 
identification of students of promise in the fields of 
science and mathematics calls for unusual measures , 
such as specially devised tests or extensive testing 
programs over and above those in common use in schools . 
•..• The school can do much to identify talent in science 
and mathematics even in junior high school years , without 
recourse to any extraordinary tests or testing practices , 
simply through full utilization of the kind of informa-
tion about pupils that emerge from any good testing 
program and from careful observation on the part of the 
teacher . " 
Summary and Conclusions . - - Three underlying philosophies 
of testing seem to be at work in selecting electronics 
trainees . This is evidenced by three types of selection 
methods = 
1/Massachusetts Employment Security Division , 881 Commonwealth 
Avenue , Boston , ;~Tassachusetts . 
2/Roger T . Lennon and Harold F. Bligh , Finding Mathematics 
and Science Talent in the Juni or High School , Test Bulletin , 
Number 91 , V/orld Book Company , Tarrytown-on-Hudson , New York . 
l . A combination of aptitude and achievement tests 
where the latter is considered to be a measure 
not only of achievement , but also of motivation 
which is essential to success in electronics . 
2 . An aptitude factor battery , each factor being 
largely independent , is used in conjunction with 
a trial period (job miniature test). 
J . A group of conventional aptitude tests , which 
through experience in their use , prove to be 
reliable predictors of success. 
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~fuat do the above three successful methods of selection 
have in common? All three methods include tests in verbal 
and arithmetic reasoning . That these two factors are of 
1/ 
prime importance is attested by Patterson- in the following 
statement: ttMany of the tests which show good relationship 
with other courses LQf a technical natur~7 correlate lower 
with electricity . On the other hand , mathematics and 
intelligence tests (numerical and verbal factors) correlate 
higher with grades in electrical courses than they do in 
other courses . " 
2/ 
Levine- corroborates this when writing of the Navy 
Electronics Technician Selection Test : 
1/C . H. Patterson , "Predicting Success in Trade and Voca-
tional School Courses," .t::ducational and Psychological lvleasure -
ments (1956) , 16 : 387 . 
2/Abraham S . Levine , nReflections of a Personnel Research 
Psycholog ist , " Personnel Psychology (1958) , 7:167 . 
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"It should surprise no one , not even the most 
factor happy amongst us , that the most predictive 
tests of verbal and arithmeti c reasoning . These two 
types of tests intercorrelate quite highly , generally 
about 0 . 70 . Of the t 'V'TO the arithmetic or quantitative 
reasoning type is slightly more valid on.tne average 
against .1\avy training criteria . " 
Thus , in the selection pro cess verbal and arithmetic 
tests can be considered the broad indicators of future success 
in electronics . Other tests (no matter what they purport to 
measure) can be considered secondary measures which , if 
useful , further refine the se l ection . 
Specific Criteri a . - - In establishing specific criteria 
for selecting electronics students , it is necessary to have 
definite cut-off scores if standards are to be maintained . 
li 
Thus in the Leavittown program a minimum IQ figure of 115 
was established . Navy General Classification Scores , when 
converted from the "T" score system , represent a similar 
2/ 
cut - off score of 110 . Lennon and Bligh- state that for 
success in science or mathematics "a reasonable point of 
view is that a boy or girl should have an I Q of at least 110" . 
Because of the ultimate goals for the course as stated 
in Chapter I , it was deemed advisable to err on the side of 
leniency in setting a minimum IQ of 105 in the Braintree 
program . Other requirements include successful completion , 
with a grade of "C" or better , courses in Algebra I and 
1/Bernard F. RaPpaport , "Technical Electronics at Leavittown , " 
Industrial 1\rts. and Vocational Education , February, 1960 
Volume 49 , p . 42 . 
~/Roger T. Lennon and Harold F. Bligh , op . cit ., p. 6 . 
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General Science , as well as some indication of interest in 
the subject of electronics . It is anticipated that more 
definitive standards will be established based on nationally 
standardized achievement tests as well as the above criteria . 
· ith the development of the Community College electronics 
program , it is further anticipated that more universally 
accepted standards can be established , thus leading to higher 
quality electronics courses in the secondary schools . 
CHAPTER III 
COuRSE PXALYSIS 
1 . Some Implications of Modern Technology 
Largely , as a d~rect result of military impetus and 
subsequent post-war civilian development of appliea science , 
many new fields of technical training have developed . These 
are largely intermediate between the conventional areas of 
vocational training as usually offered at the secondary 
level and those areas of academic training that have been 
considered prerenuisite to the scient~fic and engineering 
professions . The rapidly expanding field of electronics has 
many occupations of this internediate nature . 
Basic to these new occupations is their dynamic nature . 
"New" developments become obsolete before they leave the 
drawing board . A somewhat prophetic statement was made by 
1/ 
the National Resources Committee- when it expressed the 
concept that change was the only certainty in modern 
technology: 
"The modern worker must be prepared to shift from 
job to job , from occupation to occupation and even 
from industry to industry . ... These shifts in the skills 
1/United States National Resources Committee , The Problems 
of a Changing Population , 1938 , Government Printing Office , 
Washington , D. C., p . 215 . 
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and technical training required of the workers , based 
on technological advance and changes in the relative 
importance of different industries , emphasize the 
necessity of adaptability on the part of the present 
day worker , with corresponding implications for voca-
tional guidance and training •..• In the face of these 
changes it is a mistake for the schools to teach the 
separate trades to any large number of pupils or to 
insist upon a narrow specialization • .• • Workers today 
need fundamentally not so much a training in the 
handling of a particular machine as a knowledge of 
the skills and operations basic to industry as a whole . " 
That knowledge of Electronics is basic to industry as a 
whole can har.dly be debated . One has only to read of the 
applications of almost any electronic device to quickly dis-
cover the truth of this statement . For example , in announcing 
1:.1 
a new product , a New England concern listed applications in 
the follo-vling diverse areas: chemistry, petroleum technology , 
mineral analysis , agriculture , medicine, biology , semi-
conductor research , astronomy , astrophysics , nuclear analysis , 
geology , electrochemical analysis , r~aser research , and lubri-
cation development . 
Any course in electronics at any level , therefore , could 
not possibly aspire to cover all the area s which the subject 
has penetrated . In designing a two year high school course 
in electronics one could not even presume to give adequate 
treatment to a specialization such as television repair let 
alone any other branch of the field . Particular techniques 
1/Laboratory for Electronics , A New Field-Microwave Spectro-
scopy , Bulletin , February , 1959 , Number 814 , Boston , 
r/iassachusetts . 
then should be limited to those areas where they best illus-
trate a basic principle or theoretical factor . Specialties 
had best be limited to post-graduate or on-the-job training. 
This situation is acknowledged by industry as indicated 
1/ 
in the following statement :-
nManagement by necessity will be getting into 
education to an increasing degree . Already , and in 
some cases for many years , companies will have given 
their employees the basic and advanced training to 
do the work required . If , as has happened in many 
instances , the community cannot supply the educational 
facilities to train the technicians required , then 
industry will have to . " 
Vfuere , then , is the dividing line of responsibility for 
modern secondary technical education? One who is responsible 
for the introduction of an electronics course in his school 
must answer this question to his own satisfaction before he 
can Droceed with the job at hand . 
~ 2/ 
Brown- in his analysis of the social factors affecting 
modern technical education states: 
"It is necessary to determine the relative roles 
of school and industry in providing effective training 
lest the school take over that which can be done 
better on the job or vice-versa • .. . In the next decades 
the complexity of modern life and the increasing 
interdependence of peoples upon one another will entail 
a constantly expanding education. Economic welfare 
must not be conceived only in the narrow sense too 
1/Norman R. :Miller , "Personnel Problems of Automation , n 
Personnel Journal (November , 1959) , 15 : 213 . 
~/Francis J . Brown , Educational Sociology , The Prentice 
Hall Company , Englewood Cliffs , New Jersey, 1954 , p . 568 . 
often attributed to vocational education : preparation 
for earning a living in a specific vocation . " 
1/ 
Bolton- in another social analysis emphasizes that : 
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nNot all jobs require the same amount of time nor 
the same degree of job intelligence for their mastery . 
Therefore , it would not be wise to establish classes 
for those workers who can acquire in from two weeks to 
three months all the job knowledge they need to perform 
their work successfully." 
The implications for an electronics course in the com-
prehensive secondary school thus are quite clear: 
1 . Course content should primarily be concerned with 
material of a broad nature that would be the least 
likely to become obsolete due to technological change . 
2 . Emphasis should be on underlying concepts and on the 
theory of operation of basic circuits , as well as the 
appropriate mathematics involved , rather than on 
manipulative practices or trouble-shooting procedures 
pursued for their own ends. 
3. Specialized subject matter should be included only 
if it contributes to basic understanding or makes 
the course more interesting to the student . 
4 . Course content should emphasize that which cannot 
be taught on the job - that which can best be taught 
in a formal classroom situation. 
1/Frederick E . Bolton and John E. Corbally , Educational 
Sociologz , The American Book Company, New York , New York , 
1941 ' p . 25 3 . 
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2 . Some Implications from Modern Electronics 
Particle theory . -- One can easily trace the development 
of the field of electronics through several stages in terms 
of application . First , there was radio and communications; 
then with Vlorld War II came the advent of radar and naviga-
tional aids . The post-war period saw the development of 
practical television , computers , and automation techniques . 
On a more basic plane one can trace the development of 
the field in terms of the electron itself. First , if one is 
willing to agree that this is the starting point , electronics 
(then known as radio) was identified with the movement of 
free electrons through a vacuum in response to the effect of 
an electric field. This definition was later modified to 
include movement of free electrons through a gas . 
With the advent of magnetic deflection systems , it 
became necessary to speak in terms of electrons as influenced 
by a magnetic field in order to define the then newly coined 
term "electronics" . Transistor development further compli-
cated matters when it became possible to amplify electron 
flow by the use of solid state devices . Recent developments, 
the MASER (microwave amplification by stimulated. emission of 
radiation) and LASER (light amplification by stimulated 
1/ 
emission of radiation) ,- have made it obvious that it is no 
1/A . A. Vuylsteke , !tQuantum Electronics; Masers , " School 
Science and vathematics (February 1962) , 62 :125 . 
II 
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longer possible to restrict electronics to the movement of 
"free" electrons . It is now necessary to include in our 
definitions a mention of the electron in its "bound" state. 
Thus , "electronics" today can best be defined as the physics 
of electrons in both its theory and application . 
A modern course in electronics , if it is to reflect this 
basic developmental trend , should to a greater extent than in 
the past , emphasize the importance of particle theory , much 
as the Physical Science Study Committee (PSSC) emphasizes 
basic particle concepts in the new phys ics . 
In practice this implies , for example , that the theory 
of conductors and insulators , which is an introductory part 
of every electronics course , is intimately related to the 
theory of semi-conductors. Thus , some introductory theory 
that relates the two concepts is in order in the early stages 
of an electronics course . It is also possible to relate them 
through laboratory or demonstration work in the form of 
current versus voltage relationships , in which the student 
can plot the curves and demonstrate in an emphatic way the 
difference between linearity and non- linearity , which in 
itself is a valuable consideration . 
The concept of "free" as compared with "boundn electrons 
could well be introduced at this same time as well . This 
need not be very theoretical or mathematical in its nature , 
but should be in the accurate language of the layman . 
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Particle theory can be used to greater advantage than 
previously in introducing such topics as currents in gases 
or vacuums , magnetism and magnetic deflection , amplification 
and oscillation as well as the concept of resonance . 
Thus , in the introductory phase of the course a particle 
theory basis can be provided that will "stand the student in 
good steadn when he needs to return to theory to properly 
understand practical circuitry . It will contribute , as well , 
to the student's fund of knowledge that is basic to a 11 the 
sciences , and in this way make it more possible for him to 
find more common ground for all his science courses . 
For some hints on how this may be accomulished , one may 
1/ • 
refer to some of the Science Study Series- publications . 
In particular , the paperback entitled nThe Physics of Tele -
2/ 
vision" ,- written accurately for the layman , might be 
valuable for this purpose. 
Mathematics .-- Mathematics , as the common language of 
the sciences , is important because it expresses in a concise 
way the relationships between the variables that affect any 
scientific phenomena . That this is equally true in the field 
of electronics can hardly be disputed. 
1/Physi cal Science Study Committee Series , Cambridge , 
.Massactmsetts . 
2/ Donald G. Fink and David M. Lutyens , The Physics of 
Television , Doubleday and Company , Incorporated , Garden City , 
New York , 1960 . 
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In a course such as is outlined here , in the writer's 
opinion , there is not time for the student to take related 
mathematics separately . Therefore , the related mathematics 
must be integrated with electronics theory and application . 
To do this effectively requires , in this writer's opinion , 
a separate mathematics text designed especially for elec-
1/ 
tronics students.- Assignments from this text can be made 
as needed and as the instructor feels necessary . Rigor and 
extent of mathematics can best be determined within the con-
text of the particular school situation. However , it would 
be ideal if students could use mathematics to the extent that 
they are able to solve simple alternating current , series-
parallel , R-1-C circuits . They also should be able to use 
the simplified aspects of the imaginary plane to convert 
alternating current vectors from polar to co-ordinate form 
when this type of circuit is studied in the latter part of 
the first year course . 
Slide rule use .-- Again , because of the dearth of time , 
it is not possible in a course of this kind for students to 
spend an excess of that precious commodity on mathematical 
computation. Thus it is recommended that the slide rule be 
used for all computational work . This can be justified , or 
rationalized (as the case may be) by pointing out that the 
1/Nelson M. Cooke , Basic Mathematics for Electronics , 
McGraw-Hill Publishing Company , New York , 1958 . 
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values assigned to components in most types of circuitry are 
between the range of five and twenty per cent tolerance in 
their specifications , with variable components permitting 
exact adjustment to circuit requirements. It is advisable , 
if the slide rule is to be used for all computations , for 
the school to supply multi-scale "log-log-duplex-decitrig" 
types for each student so that a minimum of pencil and paper 
or conversion computation will be required . 
J . Course Outline 
Introduction . -- The subject matter in an electronics 
course is quite well defined and there are several industry 
sponsored outlines readily available. However , tailoring one 
of these to suit the situation in a particular school does 
present some problems , foremost of which is the matter of 
1/ 
time. One of the Industry Outlines~ for example , devotes a 
total of 417 hours per year for a total of three years . 
Available for the Braintree program was a total of 270 hours 
per year in a two year program . 
Applying the criteria already developed above, one can 
immediately eliminate a total of 185 hours per year from the 
industry sponsored course outline , as well as the entire 
third year which consists entirely of specialized subject 
1/Philco Industry Course Outline , Philco Corporation , 
Philadelphia , Pennsylvania , 1959 . 
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matter. It is not to be inferred that this material is not 
significant. It is only proposed that in the light of modern 
trends this is the amount of subject matter that can be best 
eliminated and still properly prepare the student in the basic 
theory that underlies all specialized fields of electronics . 
Vfuen these 1S5 hours are subtracted from the industry 
sponsored program , a total of 232 hours per year in the two 
year program remain . The remaining time (3S hours per year) 
can , in the first year , be devoted to an expanded development 
of the electron theory as described above. In the second 
year it is proposed that the remaining time be devoted to the 
analysis of some type of specialized , but representative , 
equipment . Representative equipment in this context means a 
typical type of electronic equipment that is complete in 
itself and performs some useful and not too obscure function 
in society. Preferably this equipment would include all 
types of circuits that have been previously studied in the 
course . The equipment uncier study should be available for 
the students to see and operate. It should be a type of 
equipment with which the instructor is thoroughly ·familiar 
so that he can speak with authority in his explanation of it . 
Otherwise , it should be left to the instructor's discretion 
as to the actual equipment used for this part of the course . 
The study of such "representative equipment" would thus 
tie together many of the seemingly isolated circuits into an 
integrated whole unit . 
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If there is time , visits could be made to plants in the 
area where such equipment is manufactured or used extensively . 
Manufacturers' representatives might visit the school and 
discuss the equipment and indicate the broader functions or 
applications for the equipment . 
Cour se guide . - - The following pages are devoted to an 
outline of the course proposed at Braintree , Massachusetts , 
for presentation beginning in September , 1961 . It is not 
proposed as a rigid schedule; there are too many complexities 
and unknown factors involved to be more explicit as to the 
exact time required for each part of the course . The nature 
of the class , the instructor ' s methods of teaching , as well 
as his past experience will determine the specific time 
distribution. This would be more true in the second year of 
the program than in the first because the instructor would 
be depending on his own past experiences to a greater extent 
than in the first year . The following outline, therefore , is 
designed to be a guide rather than a schedule . 
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First Year Pre- Electronics Program 
Week Lecture 
(l) History of electricity . 
Importance of Mathematics . 
Powers of ten , exponents . 
Introduction to slide 
rule . 
(2) Structure of matter . 
The Atomic Theory . 
(3) Electrical nature of 
matter . 
The Electron Theory . 
(4) Electrons and their 
electrical charge . 
(5) Nature of planetary 
electrons of the atom . 
Int r oduct i on t o concept 
of ener gy levels . 
Laboratory 
Slide rule use . 
Addition using rulers . 
Addition of exponents . 
Multiplication using C 
and D scales of slide 
rule. 
Slide rule use . 
Division using C and D 
scale. 
Problems . 
Introduction to 
laboratory methods . 
Films on laboratory 
safety . 
Soldering technique . 
Film on soldering 
methods and correct 
tool usage . 
Meter panel construction . 
First Year. (continued) 
Week Lecture 
(6) Valence electrons of the 
Atom . 
( 7) 
( $) 
( 9) 
Chemical Activity . 
Ionization. 
Conductivity . 
Electrolysis . 
Conductors , Insulators . 
Introduction to Semi-
Conductors . 
Resistance . 
Electrostatics . 
Laws of electrical charge . 
Lines of force in the 
electric field . 
Equi-potential lines . 
Potential gradient . 
Field strength. 
Natural and artificial 
magnetism. 
Permanent and temporary . 
Repulsion and attraction. 
Magnetic fields . 
Lines of force . 
Laboratory 
Wiring of voltmeter. 
Experiment Conductors 
versus Insulators. 
Experiment forward 
versus reverse 
conductivity of semi-
conductor compared to 
a resistor. 
Experiment Magnetism , 
lines of force. 
(10) Electromagnetism . Motors and generators . 
Meters , motors , generators . Shunt wound motors . 
Series wound motors . 
Compound wound motors . 
First Year . (continued) 
Week Lecture 
(11) Electro-motive force . 
Sources of E.M. F . 
Voltage , current and 
resistance. 
Ohm's Lmv . 
(12) Series-parallel 
connections . 
Equivalent series 
circuit . 
Kirchoff's Laws . 
(13) Generalized resistance . 
"Load"--power consumption . 
Efficiency . 
(14} Capacitance - physical 
factors . 
Theory of Capacitance . 
(15) Capacitance . 
Series circuits . 
Parallel circuits . 
Laboratory 
Chemical cells . 
Primary cells . 
Storage cells . 
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Kirchoff's and Ohm's 
Law Board . 
Experiment-Power . 
DC Networks . 
Ohm Meter . 
Meter multipliers and 
shunts . 
II 
First Year . (continued) 
Week Lecture 
(16 ) Induced E.M. F . 
AC generators . 
(17) Alternating Current . 
The Sine Curve . 
Right triangle 
relationships . 
(18) Alternating Current . 
Tr igonometry of right 
triangle . 
Problem solving . 
(19) Alternat ing Current . 
Ampl itude, frequency , 
period , wave length . 
(20) Alternating Current . 
Instantaneous voltage 
computations . 
Peak , average , IDJIS , peak 
to peak voltage. 
Laboratory 
Inductive components . 
AC generators . 
Oscilloscopic 
demonstration of Sine 
curves . 
Sine wave demonstrations 
and experiments . 
Distortion of Sine curve . 
Oscilloscope . 
Alternating Current. 
Demonstrations. 
Oscilloscope . 
Alternating Current. 
Devices . 
First Year . (continued) 
Week 
(21) 
(22) 
(23) 
(24) 
( 25) 
Lecture 
Alternating current . 
Vectors . 
Alte r nating current . 
Rotating Vectors . 
Phase . 
Alternating current. 
Phase relationships . 
Multi - phase power . 
Wye - Delta connections . 
Alternating current. 
Non- sinusoidal voltare . 
Alternating current. 
Reactance , ~apa~itive 
reactance . 
Problems . 
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Laboratory 
Conversion of AC to DC . 
Power supply 
construction . 
Power supply . 
Alternating current . 
Phase shifting experiment . 
Alternating current . 
Phase relationships . 
Alternating current . 
J. eactance experiments 
(capacitive) • 
First Year . (continued) 
Week Lecture 
(26) Alternating current . 
Reactance , inductive . 
Problems . 
(27) Alternating current . 
Reactance , series and 
parallel . 
Problems . 
(28) Alternating current . 
Reactive power . 
(29) Alternating current . 
Impedance , series and 
parallel . 
Equivalent series circuit . 
(30) Alternating current . 
Conversion of simple 
network to equivalent 
series circuit . 
Laboratory 
Alternating current . 
Reactance experiments 
(inductive) • · 
Alternating current . 
Reactance experiments 
(series circuit) . 
Alternating current . 
Reactance experiments 
(parallet circuit) . 
Alternating current . 
Reactance experiments 
(equivalent series 
circuit) . 
Alternating current. 
Ohm's Law for Impedance . 
First Year. (continued) 
Week Lecture 
(31) Impedance--~quivalent 
parallel circuit . 
Ohm's Law for Impedance . 
Comparison of form of 
expressing vectors--polar 
and vector form . 
(32) Fower factor--real power, 
apparent power . 
(33) Resonance in L-C circuits . 
(34) Resonance--effect of 
resistance . 
(35) Transformers--turns 
ratio compared with 
impedance ratio . 
(36) Impedance matching . 
Laboratory 
Impedance demonstrations . 
Impedance . 
Resonance . 
Transformers . 
Turns ratio . 
Impedance ratio. 
Turns per volts ratio . 
Second Year Electronics Program 
Week Lecture 
(l) Introduction of atomic 
structure , atomic number 
and atomic weight . 
Ions and ionization . 
"Bound" and "Freen 
electrons . 
(2) Electron emission . 
Sources and types of 
emission . 
The space charge effect . 
(3) Diode vacuum tube 
operation and 
characteristics . 
(4) Triode vacuum tubes 
and their characteristics , 
plate resistance , 
transconductance and 
amplification factor . 
(5) Multi-electrode 
vacuum tubes . 
Tetrodes and pentrodes . 
Laboratory 
Atomic structure film . 
Introduction to 
electronic construction 
and laboratory . 
Classification of 
electronic components . 
Diode characteristic 
curves . 
Triode characteristic 
curves . 
Multi-electrode 
characteristic curves . 
Second Year . (continued) 
Week Lecture 
(6) Special tubes . 
Gas filled t ubes . 
Phototubes . 
Cathode Raytubes . 
(7) Special tubes. 
Introduction to 
transistors . 
(8) Valence , free electrons , 
conductivity , semi-
conductor physics . 
(9) Semi-conductor diodes . 
Germanium crystal 
structure . 
P- N junction diodes . 
(10) Semi-conductors . 
Junction triode 
transistors . 
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Laboratory 
Special tubes . 
Thyratron action . 
Photo emissive tube 
action . 
Special tubes . 
Cathode ray tubes -
magnetic and 
electrostatic 
deflection . 
Linear versus non-linear 
curves. 
Semi-conductor diode 
curves. 
Plotting . 
Physical features of 
transistors. 
Curve plotting . 
Second Year . (continued) 
Week Lecture 
(11) N-P- N and P- N- P junction 
transistors . 
(12) Transistor symbols and 
connections . 
(13) Amplifiers - vacuum 
tube and transistor 
types . 
(14) Vacuum tube amplifiers . 
(15) Transistor amplifiers . 
Laboratory 
Transistor 
character istics and 
circuits . 
Transistor bread board 
circuitry . 
Audio amplifier 
construction . 
Audio amplifiers -
construction and 
measurements . 
Amplifier measurements . 
Second Year . (continued) 
Week Lecture 
(16) Frequency response in 
amplifiers . 
Distortion , phase shift . 
Negative feedback . 
(17) Voltage and power 
amplifiers . 
Audio , video amplifiers, 
high fidelity . 
(1$) Oscillators -
regeneration (positive 
feedback) . 
(19) High frequency 
amplifiers. 
Introduction to 
transmitters . 
(20) Modulation - amplitude 
frec:;uency . 
Phase modulation . 
Laboratory 
Amplifier problem 
solving . 
Amplifiers and 
associated equipment . 
Oscillators . 
Receiver experiments . 
Transmitter lab 
experiments . 
Second Year . (continued) 
Week Lecture 
(21) Detection , conversion . 
Discriminators . 
Tuned ratio frequency 
receivers and 
superheterodynes . 
(22) Power supplies . 
Regulation of output 
voltage and current . 
(23) Ratio communication 
receivers , transmitters . 
(24) Antennas and 
transmission lines . 
(25) Transmission lines . 
Waveguides and 
radiators . 
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Laboratory 
Receiver trouble 
shooting . 
Power supply 
experiments . 
Transmitter trouble 
shooting . 
Antennas and 
transmission lines . 
Transmission lines . 
Second Year . (continued} 
Week Lecture 
(26} Special circuits . 
Wave shaping , clipping , 
squaring and 
differentiating circuits . 
{27) Special circuits and wave 
shaping . 
Saw tooth and trapezoidal 
waves . 
Integrating circuits . 
Clamping and DC 
restoration . 
(28) Representative equipment . 
The simple oscilloscope . 
(29) Representative equipment . 
Television receivers . 
(30) Representative equipment . 
Television receivers . 
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Laboratory 
Special circuits . 
Demonstration on 
oscilloscope construction 
(power supply} . 
Special circuits . 
Demonstration on 
oscilloscope construction. 
Trouble shooting 
oscilloscope construction . 
Trouble shooting 
oscilloscope construction . 
Trouble shooting 
oscilloscope construction . 
Second Year . (continued) 
Week Lecture 
(31) Representative equipment . 
Television receivers . 
(32) Representat ive equipment. 
Television receivers . 
(33) Representative equipment . 
Navigational equipment . 
(34) Representative equipment . 
Navigational equipment . 
(35) Representative equipment . 
Navigational equipment. 
(36) Representative equipment . 
Navigational equipment . 
Laboratory 
Measurements . 
Oscilloscope construction . 
Performance checks. 
Oscilloscope construction . 
Trouble shooting 
oscilloscope construction . 
Trouble · shooting 
oscilloscope construction . 
Trouble shooting 
oscilloscope construction . 
Performance checks on 
completed oscilloscope . 
APPENDIX 
II 
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Laboratory Equipment for Sixteen Students 
Type Quantity 
Vacuum tube voltmeter. ...... .. .... 8 
Volt -Ohm- Milliammeter ............. 8 
Radio frequency signal generator .. 8 
Audio signal generator ... . ........ 8 
Oscilloscope : 5 inch ......... ... .. 8 
Variable transformer .............. 8 
The above are in wired form for student use; one is for 
each of eight benches . An alternative to purchase of the 
eight wired oscilloscopes would be the purchase of one wired 
unit and seven unwired . These seven then could be wired by 
the class . In this way the class would learn construction 
practice in the process of building the oscilloscope kits . 
For beginning students in the Electricity course , it 
might be advisable to have less expensive meters that they 
might wire themselves in the early stages of the Electricity 
laboratory . These could be in the form of 0- 1 milliammeters 
with shunts and multipliers to obtain the necessary ranges . 
Type 
TJJ.illiammeters 0- 1 •.•••••••.•...•• 
IVIul tipliers .. ...... . ......... .. . . 
Shunts ....... ., ................... . 
Meter cases .. ....... .. ...... . ... . 
Quantity 
8 
32 
16 
$ 
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Also , for the instructor's benefit , the following items 
would be useful so that student equipment troubles could be 
diagnosed : 
Type Quantity 
Volt - Ohm- Milliammeter ............. 1 
Tube checker ...................... 1 
Os c illoscope ................. . .... 1 
Demonstration boards ..... . . . .. ... . 30 
For practic e on a ctual equipment , some representative 
(used , surplus) equipments will be needed . An amateur radio 
station might be included in this category . 
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Tool Li st for Sixteen Students 
Al though the course , as outlined , does not emphasize 
manual practices , the following basic tools are considered 
to be minimum requirements for the program : 
Type 
Long nose pliers , 6 inch cutter s .•.••..••..•. . • . .. 
Di agonal cutters , 6 inch ••...........•...•. . •. • .•. 
Screwdriver , 6-7 inch , 1/ 4 i nch blade ...•••. • ..... 
Screwdriver , 4-5 inch , 1/ 8 i nch blade •. . • • ......•• 
Elec t r i c soldering pencil (with replaceable 
elements) ................................. . ...... . 
Scratch awl or scriber fo r marking lines ••.... . ••. 
Combination square , 1 2 inch ••..•••••.••........•.• 
Hand drill , l / 4 inch .•...•••.•.••. • . . ...••.. . ..•.• 
Hack saw , 12 inch blade ..••..•...••••.•••• . • . .•.•• 
Center-punch .. .. .. . ,.. ................. . ...... .. ... . 
Hammer , ball peen , 1 pound •...•..... . .• . .......•.. 
Sloyd knife , 2 5/8 inch blade .•..... . . .. . . .......• 
Steel rule , 3 foot . . . . .. . . . . ... . . . .. .. . . 40 •• •••• • • • 
Hole cutter . .. . . ... . . . ... . ........ . . . .. ......... . . 
Bit brace , 12 inch . .. ..... . .. . ... .. . .. .. .. ....... . 
Coarse , flat file , 12 inch •. . . .. • . . . ....... •.. .... 
Rat-tail file , 1/2 inch diameter , 12 inch . . . •• .. •. 
Taper reamer , 1/2 inch . . e ••••• • • •• • • • •••• • •• ••• • •• 
Taper reamer , 1 inch for bit brace ••. . •.•• ..... .. . 
Oil stone for sharpening tools , 6 x 1 7/8 inch ...• 
Tin shears , 10 inch . ........ . . . ..... . . .... . . . . . . . . 
Long shank screwdriver with screw holder , 10 inch . 
Spintite wrenches .. •. •..•••..•.. •. ..•.... ..• . . ..• 
Small , flat open end wrenches •.•• . •.••...• . . . ....• 
Adjustabl e wrench , 8 inch •..•.••. • . .. • ..• • . . •. •• . . 
rlalf round metal file , smooth cut , 10 inch ..•..... 
Half round metal file , second cut , 6 inch • . •••.•.• 
Half round metal file , Bastard cut , 6 inch ...•..•• 
Drill index with drills , 1/16 to l / 4 by 64 inch ••. 
Nlli~bered drill index No . l through No . 60 ....••••. 
Numbered drills , Nos . 18 , 28 , 33 , 42 , 50 ....... . .• 
High s peed twist drill , l/4 inch .. . .•. . •. . . .. ••• • . 
(concluded on next page) 
Quantity 
16 pairs 
16 pai rs 
16 each 
16 each 
16 each 
5 each 
5 each 
5 each 
5 each 
5 each 
5 each 
5 each 
3 each 
5 each 
2 each 
5 each 
5 each 
5 each 
5 each 
l each 
5 each 
5 each 
5 sets 
5 sets 
5 each 
5 each 
5 each 
5 each 
1 each 
l each 
6 each 
6 each 
Tool List . (concluded) 
Type 
Adjustable c i rcle cutter .......•. .. . .. . . . . ... . . .. . 
Machine s crew taps and dies ...•.•.• . ....••.•..•••. 
Radio chassis punches , 1/2 , 5/ 8 , 3/4 , 1/8 , 1 , 
l l/16 , 1 1/8 , 1 5/32 i nches ••.•.. . .. • . . . . . .... .•• 
Solder , rosin core ................. . .. ,. ... " . ..... . 
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Quantity 
1 each 
2 sets 
1 each 
5 pounds 
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Expendable Equipment for Sixteen Students 
Electronic Parts 
Type Quantity 
Industrial nB" batteries , 45 volt .. ... .. .. ... ... .. 16 
Industrial "A" batteries , 6 volt .. . . . .... ......... 16 
Standard dual headphones, 2000 ohm impedance .. .. .. 16 
Permanent magnet speakers , 4 inch, 8 ohm impedance 8 
Transistors , 2Nl07 ................... ... ......... . 16 
Ferrite loopsticks , high Q, tunable ..... . ......... 16 
Crystal diodes , type 1N34A ............ .. . . ........ 16 
Capacitor assortment , ceramic , values ranging from 
25 to 600 rnrnf • .••••••• • ~~~ . • . • . • • . • . • • • • • • • • • • • • • • 1 
Potentiemeters , 1 watt , 1 megohm.................. 16 
Capacitor assortment , tubular , values ranging from 
0 . 001 to 0 . 1 mfd ..... . ....... .. . ... . ......... ... 1 
Resistor assortments , 1 watt , 10 ohms to 22 
megohms •. ,. • • • • • • . • • . • • . . • • • • • • • • • . • . • • . • • • • . • • • • 2 
Vacuum tube diodes , type 6AL5 ...... . .............. 16 
Vacuum tube triodes , type 6C4 ................... . . 16 
Vacuum tube pentodes , type 6BA6 . .................. 16 
Tube sockets , miniature , 7 pin .................... 48 
Toggle switches , single pole- single throw....... 16 
Variable capacitors , 365 mmf ......... . ............ 16 
Hardware and Wire 
Type 
Binding head machine screws , brass 
4-40 by l/2 inch . .............. . ..... .... .... .... . 
6-3 2 by 1 inch . ................... o •••• •••• • ••• • 
8-32 by 1 1/2 inches ....••...•.•... . ....... .... • 
10- 32 by 2 inches . ................... ... ...... .. . 
1/4-20 by 2 inches .....•.......•......• . . . . . .... 
Quantity 
1 gross 
1 gross 
1 gross 
1 gross 
1 gross 
Expendable Equipment . 
Hex nuts , 
4-40. 
6-32 •. 
8- 32 .• . 
10-32 • . 
1/4- 20 •. 
brass 
Sheet 
16 
20 
aluminum 
gauge •. 
gauge .. 
Wire 
8 color codes . 
22 gauge. 
Hook-up • . 
(continued) 
Type 
Type 
Type 
....... 
.... 
. .. 
. .. 
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Quantity 
1 
1 
1 
1 
1 
gross 
gross 
gross 
gross 
gross 
Quantity 
feet 
feet 
Quantity 
100 
100 
100 
feet 
feet 
feet 
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